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Objective: To test the hypothesis that the mechanical strength of wounds closed with a
combination of buried dermal absorbable sutures and superﬁcial nonabsorbable nylon
sutures will be higher than wounds closed with only superﬁcial nonabsorbable nylon
sutures.
Methods: Four Yucatan pigs were anesthetized and each received four 4.5 cm full thickness
incisions on their dorsal surfaces, placed 8 cm apart. Half of all incisions were randomly
allocated and repaired with 3–0 polyglactin 910 (Vicryl™) buried dermal absorbable sutures
and superﬁcial 3–0 nylon sutures, using a simple interrupted pattern. The other half
received only 3–0 nylon sutures. Two pigs were humanely euthanized at day 10, with
specimen harvest for mechanical testing; the other two pigs had superﬁcial nylon sutures
removed at day 10, as per current clinical practice, and were humanely euthanized at day
42, with specimen harvest for mechanical testing. Tensile loads were applied perpendicu-
larly to the wounds with a displacement rate of 40 mm per minute.
Results: Wounds at day 42 were 49 times stronger than wounds at day 10 (po0.0001).
There was no difference in average wound strength at either day 10 or day 42 between
wounds with and without buried dermal absorbable sutures.
Signiﬁcance: Buried dermal absorbable sutures failed to provide additional wound support
at either 10 or 42 days. This result may have immediate implications for clinicians who
perform cutaneous surgery and keep superﬁcial sutures in for at least 10 days. Future
research will be directed to shorter time studies, other buried dermal absorbable suture
materials, and alternatives to buried dermal absorbable sutures.
& 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).Elsevier Ltd. This is an open access article under the CC BY license
).
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1.1. Signiﬁcance
Full thickness skin wound closures of surgical operations or
traumatic lacerations are often closed with a combination of
buried dermal absorbable (BDA) sutures and superﬁcial non-
absorbable (SNA) sutures (Adams et al., 2006). The BDA
sutures are placed in the mid to lower dermis and are formed
so that the knot lies in the deep dermis or subcutaneous layer
while the SNA sutures are placed more superﬁcially, with
their knots on the surface of the skin (Fig. 1). BDA sutures are
widely used and promoted to provide several weeks of
support as a wound heals, hopefully providing added
strength after SNA suture or staples are removed at 5–14
days after the procedure (Miller et al., 2015; Tajirian and
Goldberg, 2010).
1.2. Existing literature
The evidence supporting the role of BDA sutures in wound
strength is largely based on experimental data in which
intact strands of absorbable suture are inserted and remain
in a body cavity of a living animal for various time periods
(Wound Closure Biomaterials and Devices, 1996). The strands
are removed at various time points and tested for retention of
original breaking strength (Wound Closure Biomaterials and
Devices, 1996). Polyglactin 910 suture (Vicryl™), the most
frequently-used absorbable suture for cutaneous surgery
(Adams et al., 2006), is widely cited to have 40% of its original
strength at 3 weeks (Tajirian and Goldberg, 2010). While some
studies in the literature have directly compared strength of
cutaneous wounds repaired with different forms of absorb-
able sutures (Zaruby et al., 2011), we are unaware of studiesFig. 1 – (A) Buried dermal absorbable (BDA) suture placed with s
nonabsorbale (SNA) suture.that have attempted to answer how much extra strength is
present in wounds closed with the combination of BDA and
SNA sutures versus SNA sutures alone.2. Materials and methods
2.1. Choice of animal model
Yucatan miniature white hairless swine were chosen for their
similarity to human skin (Swindle et al., 2012). Swine skin has
similar epidermal-to-dermal ratios to human skin, with
similar hair follicle morphology. Like human skin, it also
heals primarily by reepithelialization rather than by contrac-
tion. However, swine skin also has far fewer eccrine glands
compared to human skin and is less vascular. Nonetheless, it
is considered the most equivalent animal model to human
skin (Swindle et al., 2012). The experimental design and
methods were approved by Oregon State University Institu-
tional Animal Care and Use Committee (IACUC). Four three
months old 15 kg female Yucatan pigs were sourced from
Sinclair Bio Resources, LCC, for this study and housed singly
at Oregon State University's Lab Animal Research Facilities
(LARC) for the duration of the study.
2.2. Surgical procedure
Each pig was placed under general anesthesia and after
sterile preparation, four 4.5 cm full-thickness cutaneous inci-
sions were made on the dorsum of each pig, 8 cm apart, with
a new sterile #10 scalpel blade (Bard-Parker™ Aspen Surgical™
products, Caledonia, Michigan). Wounds were randomized to
receive either a combination of BDA and SNA sutures versus
SNA sutures alone. Wounds closed with BDA sutures using 3–
0 polyglactin 910 (Vicryl™, Ethicon, Somerville, New Jersey),uperﬁcial nonabsorbable (SNA) suture. (B) Superﬁcial
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wounds received SNA simple interrupted sutures using 3–0
nylon (Ethilon™, Ethicon, Somerville, New Jersey) placed
5 mm apart. A non-adhesive dressing (Tegaderm™, 3M™ St.
Paul, Minneapolis) was applied to cover all wounds for the
ﬁrst three days post-operatively, or until the dressing was
inadvertently removed by the pig. The pigs recovered in the
veterinary hospital and were transported back to LARC for
housing.
2.3. Post-operative course
All SNA sutures were removed at day 10, as per current
standards of practice of nonabsorbable suture removal
(Srivastava and Taylor, 2015). Two of the pigs were humanely
euthanized at 10 days post surgery, and the other two pigs
were humanely euthanized at 42 days post surgery.
2.4. Mechanical testing
The incisions were removed en bloc with 2–3 mm of the
intact incision left at either end to ensure that no intact skin
was present on the excised samples. Approximately 4 cm of
skin was kept adjacent to the incision to secure into the ﬂat
grips. For each group, N¼4 wounds underwent tensile test-
ing, using a computer controlled servo-hydraulic Instron 8501
universal testing machine (Instron Corporation, Norwood,
MA, USA) to assess wound strength. The load was applied
perpendicular to the wound using a constant displacement
rate of 40 mm per minute (Zaruby et al., 2011). Temperature
and relative humidity were maintained at 2471 1C and
3272%, respectively. The lengths of the sample wounds were
measured and the wound breaking forces were normalized to
calculate a breaking strength with units of Newtons per
millimeter (N/mm). Normalizing to wound length was con-
sidered more appropriate than normalizing to the sample
cross-sectional area which was dominated by a 4–8 mm thick
layer of non-load bearing fat that was not removed so as to
not damage the skin.
2.5. Statistical analysis
Statistical analysis of the mechanical strength data was
conducted using a two-way analysis of variance (ANOVA)
with po0.05 considered statistically signiﬁcant. The two
factors considered were number of healing days (10 versus
42) and suture method (BDA and SNA sutures versus SNA
sutures alone)Table 1 – Tensile strength of wounds closed with super-
ﬁcial nonabsorbable (SNA) and SNA in combination with
buried dermal absorbable (BDA) sutures after 10 and 42
days of healing given as mean (standard deviation).
Days Tensile strength (N/mm) Tensile strength (N/mm)
SNA sutures alone SNAþBDA sutures
10 3.0 (0.6) 2.9 (1.0)
42 26.2 (3.9) 27.2 (8.4)3. Results
Table 1 shows the strength results. Wounds were 49 times
stronger (po0.0001) at day 42 than at day 10. In contrast, there
was no signiﬁcant difference (p¼0.853) in the average wound
strength between wounds containing BDA sutures and those
that did not, although there was a decrease in the standard
deviation with the addition of BDA sutures. The two-way
ANOVA also revealed there was no signiﬁcant interaction
between the factors (p¼0.796). Finally, a post-hoc poweranalysis was done on the effect of BDA sutures for the
combined 10 and 42 healing day groups (N¼8 for each group).
The analysis revealed that the selected sample size of N¼8 in
each group gave 80% power to reveal a 2.3 N/mm difference in
the means and 100% power to reveal a 4.0 N/mm difference in
the means with 95% conﬁdence. This further conﬁrms that the
strength beneﬁt of adding BDA sutures in this study was
negligible.4. Discussion
4.1. Signiﬁcance for clinical care
The lack of added contribution of BDA sutures to the average
strength at both day 10 and 42 suggests that they may
provide far less beneﬁt for closure of cutaneous defects than
is widely assumed in the surgical community. Given that
current practices often have nonabsorbable sutures in place
until 5–14 days post-closure (Forsch, 2008), there may be little
advantage of using BDA sutures to produce strong wound
repairs. Between 3% and 10% of surgical wounds created
under sterile technique dehisce (Shanmugam et al., 2015)
creating a signiﬁcant clinical problem. Thus, there is an
important role for modalities that support wounds as they
regain strength. In this study, we did see a reduction in
scatter in wound strength in wounds that employed BDA
sutures. This may be of clinical beneﬁt, as BDA sutures may
help avoid the occurrence of weaker wounds that may
dehisce. However, a much larger number of wounds will
need to be assessed in the future to determine if the lower
standard deviation observed for SNAþBDA sutures in this
study is meaningful. In any case, the results of this study
suggest there is motivation for further examination of
this issue.
4.2. Possible explanation of phenomenon
It is possible that wounds heal sufﬁciently in ten days to not
necessitate the use of BDA sutures, and it will be important to
conduct future studies of wound strength at shorter healing
times. The pigs used in this study were also three months old
at the time of surgery. It is possible that due to the young age
of the pigs, with rapid ability to heal, that the wounds had
healed sufﬁciently during this time. The use of an older
animal model or an animal model with impaired wound
healing ability may alter the results shown in this study.
Alternatively, it may be that Vicryl™ suture is weakened in
the ﬁrst ten days more than other BDA sutures. There are a
wide variety of factors that affect the hydrolytic rate of
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include temperature, pH, salt concentrations, tension, exter-
nal stress and body ﬂuids such as synovial ﬂuid (Wound
Closure Biomaterials and Devices, 1996). 3–0 polyglactin 910
in a buried simple interrupted pattern was chosen due to this
being size and pattern appropriate for the BDA sutures. As
mechanical strength of sutures is dependent upon suture
size, and tissue interaction, larger size sutures may retain
more strength. This was not tested since a clinically relevant
size and pattern of suture was chosen. The healing dermis
undergoes many changes during the ﬁrst days of healing,
primarily inﬂammation and activation of ﬁbroblasts and
myoﬁbroblasts (Singer and Clark, 1999). Free radicals and
various enzymes, that are known to accelerate the hydrolysis
of some hydrolytically degradable sutures (Wound Closure
Biomaterials and Devices, 1996), are found in the course of
wound healing and could potentially explain the lack of
beneﬁt from polyglactin 910 BDA sutures observed in this
study. Additionally, the physical movement of cells within
the dermis during this phase may further damage the suture
strand. Future studies should evaluate the potential beneﬁts
of using polyglactin 910 BDA sutures before 10 days and also
the potential beneﬁts of other materials and modalities in
improving wound strength.5. Conclusions
This study suggests that there is not a signiﬁcant beneﬁt of
using polyglactin 910 buried dermal absorbable sutures in a
simple interrupted pattern in addition to nylon superﬁcial
sutures for producing strong wounds after both 10 and 42
days. This result is counter to the common assumption of the
surgical community, and it is hoped that the results of this
short communication stimulate further examination of
this issue.Acknowledgments
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